The traditional enzootic vector, Cs. melanura, was found in low numbers at all collection sites. Cx. erraticus, however, was consistently found in high numbers and was the only mosquito species in which EEEV was detected. We suggest that EEE transmission may be maintained by Cx. erraticus in a nontraditional cycle. We discuss the importance of a nontraditional cycle from the perspective of EEEV adaptation and emergence.
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Eastern equine encephalitis (EEE) is a severe arboviral disease because of its high morbidity and mortality rate. Historically, EEE virus (EEEV) has been documented as causing human and horse epidemics since the 1830s, although it may have been present in an endemic avian cycle previously (Hanson 1957) . During the 20th century, epizootics involving hundreds of equines and dozens of humans have occurred sporadically in North America (Monath 1979 , Weaver 2001 . The EEE mortality rate is 80 Ð90% in horses and 50 Ð90% in humans (Eldridge et al. 2000) . Cases of human EEE occur relatively infrequently, partly because of the primary transmission cycle taking place in areas where human populations tend to be limited. There have been Ϸ260 conÞrmed human cases in the United States from 1964 to 2009, with an average of six cases annually (http://www.cdc.gov/ easternequineencephalitis/resources).
While there is no EEE vaccine available to protect humans, a vaccine is available for equines. Because outbreaks of EEE affecting horses are under-reported, it is difÞcult to determine the severity and prevalence of this disease in equines (Wilson et al. 1996) . Underreporting of equine outbreaks is compounded by the fact that horse owners usually have to pay out-ofpocket for laboratory testing to conÞrm EEE and horses are usually culled before testing is possible. In Tennessee there have been no reported human cases of EEE, but equine outbreaks have occurred throughout the state since 2002 (Fig. 1) . The most recent outbreak in which six horses died from EEE-like symptoms in 2008 was in Carroll County in western Tennessee.
Since the late 1980s, EEEV has begun to emerge in inland sites in the southeastern United States including Mississippi and Alabama (http://www.cdc.gov/ easternequineencephalitis/resources). EEEV is restricted to hardwood wetlands that provide the larval requirements for the primary enzootic vector, Culiseta melanura (Coquillet). The larval habitat of this species is dark, organic-rich wetland habitats with ßoating rooted mat systems (Joseph and Bickley 1969) . EEEV is generally found in the same enzootic swamp focus every year (Day and Stark 1996) . Genetic differences among EEEV isolates have been observed spatially and temporally, suggesting regional stability with periodic emergence of minority genotypes or introduc-tions of new genotypes (Weaver et al. 1993 (Weaver et al. , 1994 . Regional stability or local emergences are because of virus overwintering. Overwintering by EEEV is thought to be because of viral persistence in avian hosts (Crans et al. 1994) .
Cs. melanura is highly ornithophillic, rarely feeding on mammals, and is responsible for the ampliÞcation of EEEV among birds (Morris 1988) . The movement of the virus to horses and humans is accomplished by bridge vector species of Aedes, Coquillettidia, and Culex (Chamberlain 1958 , Dalrymple et al. 1972 , Crans et al. 1986 . Culex species are potential enzootic vectors of EEEV in Florida and Latin America (Chamberlain 1958 , Downs et al. 1959 , Shope et al. 1966 , Wellings et al. 1972 , Dietz et al. 1980 . Recent evidence suggests that Cs. melanura in inland swamps in the south central United States appear to be replaced by Culex (Melanoconion) erraticus (Dyer and Knab) (Cupp et al. 2003 (Cupp et al. , 2004a The study sites, surrounding a predominantly successional hardwood swamp habitat, were located between the border of Chester and Henderson counties in western Tennessee, a region where 39% of EEE horse cases have occurred (Fig. 1) . Two of the three sites, sites A and C, were farms on which trapping had occurred immediately after the outbreak in 2005. An additional site, site B, was included for its proximity to the farms and because it provided the closest entrance into the swamp.
Site A (35Њ 36.144Ј N, 88Њ 33.603Ј W): Neighbored a horse stable where one horse died of EEE-like symptoms in 2005. The three equines on this farm were not vaccinated. This site comprised of an early successional bottomland hardwood forest and emergent marsh. Most overstory trees in the emergent marsh have been killed because of girdling by beaver or by longer than usual inundation periods from beaver damming. The forest communities adjacent to the emergent marsh consist of red maple, green ash, swamp chestnut oak, and a few American sycamore (Platanus occidentalis). The herb layer in the forested areas consists primarily of LizardÕs tail (Saururus cernuus), smallspike false nettle (Boehmeria cylindrica), and pale green orchid (Platanthera flava variety flava). The site of one laboratory conÞrmed EEE horse case in 2005. The habitat at this site consisted of a bottomland hardwood forest disturbed by logging and was adjacent to a horse pasture. The forest community was dominated by tulip poplar (Liriodendron tulipifera) and sweetgum with a scattering of swamp chestnut oak and American sycamore. The shrub layer consisted of spice bush (Lindera benzoin), box elder (Acer negundo), and iron wood (Carpinus caroliniana). The herb layer was sparse but consisted mostly of woody vines and seedlings of the larger tree species. In some areas, Japanese stilt grass (Microstegium vimineum) was the dominant species in the herb layer. Red maple was found at a greater frequency in the understory and shrub layer on the drier uplands nearest the cotton Þeld to the south.
Mosquito Collection and Identification. Mosquitoes were collected over a 12 wk period, from early June through late September 2006, using CDC light traps baited with CO 2 and vacuum collections from resting boxes. In total, 10 CDC light traps were used per trap night. These were positioned two meters above the ground and were set before dusk and collected the next morning once a week for 12 wk.
In total, eight resting boxes (Edman et al. 1968 ) (18 in W ϫ 12 in H ϫ 30 in D) with a plywood concave frame (28 ϫ 52 in opening tapering to a 10 ϫ 16 in base just outside the opening of the box) painted black on the inside and light gray on the outside, were positioned at the various sites. Resting boxes were aspirated between 1Ð3 times per week for the 12 wk period. Resting boxes were used to capture blood-fed females for subsequent studies and to trap Cs. melanura.
Specimens were sorted and identiÞed by species using a chill table and stereomicroscope (MeiJi Techno RZ series) and frozen at Ϫ80ЊC. Mosquitoes containing blood were separated and identiÞed to the species level using the same method and were not processed for virus.
2008. In 2008, TDH and TDA responded to another multi-equine outbreak in western Tennessee in Carroll County. The investigation consisted of an equine serosurvey, interviews with horse owners and local veterinarians, and mosquito trapping. This outbreak occurred from 22 July to 9 August 2008. Mosquito trapping was conducted for two nights after the outbreak (11 and 12 August) using CO 2 -baited CDC light traps. A brain sample was obtained from a horse during the outbreak at the site where trapping was conducted. This brain specimen was sent to the University of Texas Medical Branch for virus isolation.
Virus Isolation and Detection (Reverse Transcriptase Polymerase Chain Reaction) From Mosquito Specimens. Pools of mosquitoes containing 50 specimens or less were homogenized in 1.0 ml of EagleÕs Minimum Essential Medium (Sigma-Aldrich Co., St. Louis, MO) pH 6.5 Ϯ 0.1 with three copper-coated bbs on a Retsch MM300 shaker (Retsch GmbH & Co. KG, Haan, Germany) for 90 s followed by centrifugation at 5,000 g for 5 min at room temperature. In total, 200 l of resulting supernatant was removed and RNA was puriÞed using QiAMP Virus Isolation 96 well protocol on the BioRobot 9604 (Qiagen Inc., Valencia, CA).
Viral RNA was detected using a duplex real-time reverse transcriptase polymerase chain reaction (rt-RT-PCR) assay. Primers and probes, modiÞed from previously published data, were used to target EEEV and West Nile virus (WNV). EEE speciÞc primers (0.5 M Þnal) and probe (150 nM Þnal) (Lambert et al. 2003) , tagged with TAMRA reporter dye on the 5Ј end and BHQ2 quencher dye on the 3Ј end, and WNV speciÞc primers (1 M Þnal) and probe (150 nM Þnal) (Lanciotti et al. 2000) , tagged with FAM reporter dye on the 5Ј end and BHQ1 quencher dye on the 3Ј end were used.
Brießy, 5 l of puriÞed RNA was added to a 25 l total volume reaction using TaqMan One-Step RT-PCR Master-Mix (Applied Biosystems, Banchburg, NJ). The reaction conditions were as follows: 50ЊC for 30 min, 95ЊC for 10 min, followed by 45 cycles of 95ЊC 15 s, 60ЊC 1 min. Samples were detected on ABI 7000 real-time PCR machine (Applied Biosystems). Ct values Յ37 were considered to be positive. Reactions contained both positive and negative controls. Positive EEE virus stored in Trizole and diluted 1:1000 was provided by Dr. Scott C. Weaver, University of Texas Medical Branch, and positive West Nile RNA was provided by Tennessee Department of Health Laboratory Services Serology Department. Negative controls were also used, and contained water instead of RNA. Table 1) .
Testing of Equine Brain Specimen. Virus preparation, RNA extraction, and RT-PCR for the 2008 equine brain specimen has been previously described (Arrigo et al. 2010) . The complete structural polyprotein ORFs of all EEEV strains were ampliÞed by producing three overlapping fragments. TDH/TDA Outbreak Investigations. Eight horses exhibiting EEE-like symptoms were reported from this region. All eight horses died. Because one of these horses was laboratory conÞrmed by PCR and another horse had antibodies to EEEV but was not vaccinated and WNV has not been documented as circulating in this swamp habitat, the deaths were most likely because of EEEV. The horse deaths were documented from 1 September through 20 September 2005 on Þve TDH 2006 Mosquito Collections. Over 41,000 male and female mosquitoes representing eight genera and 19 species were collected in CDC light traps and resting boxes during the 12-wk study. Cs. melanura, the traditional enzootic vector for EEE transmission was found in low numbers in our study. Cs. melanura accounted for Ͻ1% of the total population of mosquitoes collected with either trapping method (Resting boxes: 12, CDC light traps: 92 specimens). Almost half of the total species collected were potential enzootic and bridge vector species. These species included: An. quadrimaculatus (65%), An. punctipennis (1%), Ae. vexans (1%), Cx. erraticus (13%), Cx. pipiens/restuans (5%), Cq. perturbans (5%), and Ur. sapphirina (3%).
Results

TVA
In total, 13,955 mosquitoes were collected in CDC light traps, the majority of which were females (12,621, 90.4%). The most abundant species collected by CDC light traps was Cx. erraticus (4,574, 36%) with an average of 29.9 Cx. erraticus females were captured per trap night. Cx. erraticus was found in high abundance throughout the summer and at each study site, with the highest abundance in early July. Nearly one-Þfth of the mosquitoes trapped were not traditional enzootic or bridge vector species such as Ur. sapphirina, Ps. ferox, and Oc. dupreei. Most of these came from site C, which was the site of the conÞrmed EEE case in 2005.
The most abundant species collected with resting boxes was An. quadrimaculatus with an average 51 females captured per trap night ( Table 2 ). The seasonality of the most abundant mosquitoes collected by CDC light traps is shown in Fig. 4 . Cx. erraticus was the most abundant mosquito beginning in early July and throughout late September.
TDH Virus Isolation. From the mosquito specimens collected in 2006, no WNV, SLEV, or EEEV were 
Discussion
Vectors. This study represents the Þrst entomological description of vector diversity and EEEV identiÞcation at EEE epizootic sites in Tennessee. Like coastal states, transmission in the inland states occurs in hardwood wetlands. Resting boxes were used to catch blood-fed females as well as the primary enzootic vector for EEE ampliÞcation, Cs. melanura, which was not found in high abundance. The habitat where this species is typically found was not present at our study site. The predominant vegetation was an early successional hardwood forest and emergent marsh at our inland epizootic site. In coastal sites where there have been large reported outbreaks of EEE, the typical habitat is comprised of Atlantic White Cedar swamps (Howard et al. 1983, Nasci and Edman 1984) . Cs. melanura larvae prefer habitats with weak acid bogs. Bogs were not present at our study sites.
During the summer of 2006, we observed differences in mosquito composition with CDC light traps at the three different sites. In part this could be be- cause of differences in habitat and vegetation composition. Site C, which had the greatest diversity of species trapped with CDC light traps, neighbored a cotton Þeld and had a greater abundance of tulip poplar, red maple, and Japanese stilt grass than the other sites. Furthermore, this site had the greatest majority of Cs. melanura (45 of 104, 43%) and was the site of the conÞrmed EEE case in 2005. Inland EEEV enzootic cycles differ from traditional enzootic cycles seen in coastal states. In the southeast there is low-level transmission year round, unlike coastal states in the northeast where there is a deÞn-itive winter seasonality (Cupp et al. 2004a) . Almost half of the mosquito species collected were potential enzootic or bridge vector species including An. quadrimaculatus, Cx. (Mel.) erraticus, Cq. perturbans, Cx. restuans, Ae. vexans, An. crucians, and An. punctipennis (Cohen et al. 2009 ). In addition the diversity of vectors we found in this rural hardwood swamp in western Tennessee is similar to the diversity of vectors seen in other inland wetlands in the southeastern United States where EEE outbreaks have occurred (Crans et al. 1986 (Crans et al. , 1994 (Cupp et al. 2003) that we found at our study site, however no virus was detected from 2006 samples. The role of this species in EEEV transmission is still unknown, but it may be involved in transmission of EEEV in reptiles and amphibians. Although mosquito collections were tested for WNV, SLEV, and LACV, the only virus isolated was EEEV from Þeld caught Cx. erraticus mosquitoes in Tennessee at a site 45 miles southeast of 2005 outbreak (Table 1) . Two of the three sites, Walkertown and Bruceton, had Cs. melanura present, but in low abundance and negative for EEEV.
We have previously suggested a modiÞed transmission cycle for EEEV in Tennessee ). The traditional enzootic species associated with virus ampliÞcation, Cs. melanura, was not found in high abundance in our study and therefore does not likely contribute substantially to maintaining the virus in nature. Tennessee has a shorter milder winter and other species may be involved in maintaining the virus trans-seasonally. Cx. erraticus mosquitoes, are ornithophillic feeders (Robertson et al. 1993) , and we observed a greater percentage of blood-fed females in early summer, possibly indicating their involvement in viral ampliÞcation. Because of its opportunistic host preference, vector competence, EEEV Þeld isolates and overall abundance, Cx. erraticus may be serving as both an enzootic and epizootic vector for EEEV in Tennessee swamps ). The paucity of Þeld isolations of EEEV in Tennessee suggests, however, that unlike Cs. melanura, Cx. erraticus is inefÞcient in viral transmission at enzootic inland sites. Perhaps the sporadic outbreaks of EEE in Tennessee occur when the population of Cs. melanura increases to some threshold level or when virus circulation in avian populations are signiÞcant and conditions in nature are favorable for other amplifying vectors such as Cx. erraticus to take over.
The phylogenetic analysis of the EEEV strain obtained during the 2008 outbreak in Tennessee showed regionally conÞned evolution of EEEV along with EEEV from Georgia and Florida, with only occasional geographic dispersal (Arrigo et al. 2010 ). This may be partly explained by the deviation from the typical avian-mosquito enzootic cycle seen in inland transmission cycles as described in our study. The involvement of opportunistically feeding Cx. erraticus in the transmission cycle allows for nonavian hosts such as reptiles, amphibians and small mammals to be involved in virus ampliÞcation (Cupp et al. 2003 (Cupp et al. , 2004b Cohen et al. 2009; Moncayo et al. 2009 ). These hosts may limit the dispersal of the virus and create situations where the virus is adapting to regionally speciÞc hosts and creating a greater opportunity for genetic drift and founder effect. Inland swamps of EEEV transmission may therefore be interesting for further studies to monitor viral adaptation and emergence.
Outbreaks affecting horses are geographically distributed throughout the state. However, one reason to explain in part the sporadic epizootics in Tennessee could be that after an outbreak, horse owners may vaccinate their horses. In subsequent years, horse owners may not revaccinate, making horse populations susceptible to EEE as the virus has time to amplify. The lower disease incidence in inland southcentral states may be because of lower population density in these areas. However, the risk for exposure to EEEV-infected mosquitoes may increase as the human populations expand into natural areas where the virus circulates. For example, the Bruceton site, a naturally occurring wetland habitat was starting to be developed in 2004. Additional studies are needed to help clarify differences in arboviral transmission of EEE vectors in rural habitats in inland sites versus coastal sites and to monitor potential regional differences in the evolutionary progression of EEEV in North America.
